Searching for a dilaton decaying to muon pairs at the LHC 
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We analyze the decays to muons of a light dilaton produced via vector boson fusion at the LHC. 
We investigate models in which the electroweak symmetry breaking is triggered by a spontaneously 
broken, approximately conformal sector. Taking into account the possibility of shifts in the dilaton 
Yukawa couplings to muons, we find a rather promising scenario for the conformal model search in 
the channel, with the possibility for a dilaton discovery at a delivered luminosity of 100 fb~^ at the 
LHC or, alternatively, for an extension of the exclusion zone in the model parameter space, until 
now fixed by the Tevatron. 



I. INTRODUCTION 

The decay to muons of a light dilaton at the LHC can 
be a privileged channel to search for new physics. In par- 
ticular, we consider conformal models with dilaton [Ull], 
in which the electroweak symmetry breaking (EWSB) is 
triggered by a spontaneously broken, nearly conformal 
sector. The dilaton, x, is the pseudo-Goldstone boson 
associated to the spontaneous breaking of the conformal 
symmetry and has Higgs-like properties. When an ex- 
plicit breaking of the conformal symmetry is introduced, 
dilaton couplings to light fermions, like muons, can re- 
ceive significant enhancements that can notably improve 
the rate of a dilaton decaying to muons^. The presence of 
enhancements in the dilaton couplings to light fermions 
is possible also when the dilaton is interpreted as the 
Randall-Sundrum Radion [2; the analysis we perform is 
perfectly applicable to this case. 

The dilaton Higgs-like properties allow us to start the 
analysis from the study of a light Higgs boson decaying 
to muons at the LHC. We retrace and optimize the anal- 
ysis carried out in Ref. [4]. This process profits by the 
distinguishing dimuon signature^, but, in the SM, it is 
disadvantaged by the low branching ratio (BR) for the 
Higgs decaying to muons. However, the EWSB mecha- 
nism in the SM and, in particular, the sector concerning 
the Higgs couplings to fermions is not explained and there 
are several hints, among which the excessive fine-tuning 
(hierarchy problem) for the Higgs mass, to suggest an 
EWSB mechanism different from the usual one based on 
a single Higgs doublet. The conformal model we inves- 
tigate arises from these considerations. In the optics of 
possible variations from the SM in the Higgs couplings 
to fermions, the decay to muons of a light Higgs becomes 



* Electronic address; Natascia. Vignaroli@r omal.infn.Tt| 
^ The naturalness of this ettect depends on the type of the ex- 
plicit breaking. Significant enhancements for couplings to light 
fermions are more natural in the case of a breaking generated 
by operators involving fermions that arc nearly marginal, as dis- 
cussed in Ref. [l]. 
^ The dimuon signal is very clean. Indeed, the LHC has a muon 
identification efficiency above 90% [5]. 



a very interesting channel of analysis ^ and studies for 
the decay to muons of a light Higgs produced via Vec- 
tor Boson Fusion (VBF) [4J, gluon fusion [8^ and in as- 
sociation with ti pairs [13] have been carried out. The 
results of these studies show comparable significance val- 
ues (about 2(7, for an integrated luminosity of 300 fh^^ 
at the LHC) for the three different production channels, 
in the Higgs mass range 115 GeV < Mjj < 120 GeV; on 
the contrary, for greater Higgs mass values, 120 GeV < 
Mh < 140 GeV , the production in association with tt 
pairs display significance values smaller than those from 
the VBF and gluon fusion. Among the latter production 
channels, we choose to focus on the VBF. The VBF pro- 
duction, contrary to what happens for the gluon fusion, 
does not proceed via loop induced couplings to the dila- 
ton. This allows a study less affected by the unknown 
contribution from heavy resonances in the loop induced 
couphngs [HE]. 

In this paper, we study, firstly, the decay to muons of a 
light Higgs boson produced, in the SM, via VBF at the 
LHC, checking and optimizing the analysis in Ref. [3]. 
On the basis of the results obtained and taking into ac- 
count theories beyond the SM predicting variations of the 
signal cross sections, we calculate the normalization fac- 

\<j(pp^H)BR(H^fi+ 

tors k — 1—, zj\uD,Tr 1 _M , needed to obtam a 3ct 

and a 5tT significance observation of the process, with an 
integrated luminosity of 100 fh^^ at the LHC. Then, we 
focus on the conformal model with dilaton, taking into 
account the possibility of shifts in the dilaton Yukawa 
coupling to muons. The normalization factors are corre- 
lated to the parameters of this new physics model. So, we 
find the discovery regions in the parameter space, for an 
integrated luminosity of 100 /&~^ at the LHC. We also 
take into account the Tevatron 95% G.L. upper limit for 
the process gg x ^ cross section [TD] and we 

derive exclusion zones for the conformal model parame- 



^ In Refs. mE], for example, an interesting scenario relative to a 
leptophilic Higgs in the 2HDM model is described. In this case, 
processes where the Higgs boson decays directly into a charged 
lepton pairs, like muon pairs, can contribute significantly to the 
discovery potential of a light Higgs at the LHC. 
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ters. 



II. ENHANCEMENT FACTORS FOR THE LHC 

We study in this section the Higgs decaying to muons 
in VBF, pp Hjj IJ-^l^- jj, at the LHC with the 
center of mass energy -/s = 14 TeV. The signal se- 
lection criteria we apply in this analysis are also valid 
for the dilaton. We find the enhancement factors to the 
signal cross section necessary to obtain a 3a and a 5a ob- 
servation, with 100 fb~^ at the LHC. We indicate such 
values as k^cr and k^^. We start retracing the analysis 
carried out in Ref. [1] with the aim to optimize some 
cuts and the valuation for renormalization and factoriza- 
tion scales. We focus on Higgs bosons with mass values 
in the range 

Mh e [115 GeV, 150 GeV] . (1) 

The background we consider is the irreducible f-t^lJ-^jj, 
where muons come from the decay Z/^* fi^ . This 

background has a QCD and an EW component. We ig- 
nore the reducible backgrounds: the W~^W~jj produc- 
tion, the tt + jets production and the bbjj production, 
that have negligible cross sections, once cuts are applied 
(like it is shown in Ref. 4 ). The cuts we use to reduce 
these backgrounds are the following: 

< 4.5, |?7ji - i]j2\ > 4.2, riji ■ r/j2 < 0, AR^j > 0.6 
PTj > 30 GeV, mjj > 700 GeV 

PTfj, > 10 GeV and at least one muon with pxfj. > 20 GeV 

< 2.3, Af]^j > 0.6 
Mh -1.6 GeV <mf,f, < Mh + 1.6 GeV . (2) 

These cuts have been fixed taking into account the de- 
tector acceptances ?5| and exploiting the distinguishing 
features of the production via VBF [11 . Indeed, the sig- 
nal process is characterized by a particular topology, with 
two energetic jets, one forward and the other backward, 
emitted, on average, at high rapidity (the limit on the jet 
rapidity is fixed at the value 4.5, taking into account the 
limitation on the hadronic calorimeter, \r]j\ < 5, and the 
spread of the jets cone) and with two isolated muons pro- 
duced, on average, in the central rapidity region between 
the two tagging jets. Then, the invariant mass of the 
jets generated by VBF mechanism is, on average, higher 
than the invariant mass of the jets coming from QCD 
background. The cuts also include limits on the muons 
transverse momentum, that derive from trigger issues, 
and a limitation on the muons invariant mass, that we 
impose to be included in the mass region centered on 
the Higgs mass, Mh ± 1.6 GeV, which is anticipated to 
capture 68% of the signal cross section"' (like estimated in 



* The latter imposition is very effective in background rejection, 
because the backgrounds muons invariant mass has a peak on 



[1]). The cuts on eq. ^ are the same cuts adopted in 
Ref. [4] with the exception of the cuts on the jets trans- 
verse momentum, PTj, and on the jets invariant mass, 
rrijj, that we have better optimized. We have taken into 
account several pxj limit values higher than the 20 GeV 
value used in Ref. 4 , in order to analyze the effects 
on signal-background ratios (S/ B) and significances. In- 
deed, provided that significance and S/B values do not 
suffer of remarkable reductions, it is preferable to have 
final jets with an high transverse momentum, because 
there is more distinction among signal and minimium 
bias events. We find that the limit on pxj can be ex- 
tended up to 30 GeV, without entailing reductions on 
significance values greater than 2% and leading, instead, 
to increases up to 20% on S/B ratios. Moreover, we 
find that it is advantageous to extend the lower limit of 
500 GeV on mj^, used in Ref. g], up to 700 GeV; in- 
deed, we find increases up to 35% on S/B ratios while 
the statistical significance remains the same. 
In Tab. [l] signal and backgrounds cross sections are re- 
ported for different values of Higgs boson mass. These 
values have been calculated by the event generator Mad- 
Graph/MadEvent [T2]^ at the factorization and renor- 
malization scales 

2 2 2 I 2 I 2 I 2 /■o\ 

= l^R = PTjI + PTj2 + PTf,! + Pt^,2 ■ (3) 

Adopting these scales, we can estimate, through the sum 
of muons square transverse momentum, the energetic 
contribution given to the process by the Higgs boson, 
for the signal, and the Z boson, for the backgrounds. In 
Tab. |T] are also shown, for the different Mh values, the 
signal-background ratios and the significance values, that 
are calculated for an integrated luminosity of 300 fb~^. 
The significance is calculated as ^g^g , where S and B 
respectively stand for signal and backgrounds number of 
events. In the calculation of significances and S/B ra- 
tios we include the identification efficiencies of the final 
states. An efficiency value of 0.86 is estimated for the 
identification of each jet and a value of 0.90 for the iden- 
tification of each muon For the signal, a further 0.68 
factor is included, due to the constraint on the muons 
invariant mass. Besides the efficiencies, we also apply, as 
in Ref. [1], a minijet veto survival probability of 90% for 
the signal (V5), 75% for the EW background {Vew) and 
30% for the QCD background {Vqcd)- 
Summarizing (eg and stand for signal and back- 
grounds efficiency), we have: 

£5 = 40.8% es =60% 
Vs = 90% Vew = 75% Vqcd = 30% . (4) 



the Z mass, that is far away from the Higgs mass values we are 
taking into account. 
^ We have taken into account the NLO width for the Higgs, ob- 
tained from the HDECAY program I13| . 
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Ptj > 30 GeV, rrijj > 700 GeV 

Mf = Mii — PTjI + PTj2 + PT/j1 + PTh2 


Mh 

[GeV] 


m 


QCD 

" z 

im 


[fb] 


S/B 


s 

VS+B 


115 


0.157 


0.879 


0.221 


0.224 


1.78 


120 


0.143 


0.760 


0.170 


0.246 


1.76 


125 


0.127 


0.527 


0.140 


0.296 


1.79 


130 


0.108 


0.441 


0.115 


0.302 


1.66 


135 


0.0877 


0.402 


0.101 


0.273 


1.44 


140 


0.0679 


0.322 


0.0990 


0.243 


1.21 


145 


0.0493 


0.294 


0.0955 


0.189 


0.928 


150 


0.0334 


0.283 


0.0804 


0.141 


0.673 



TABLE I: Results of the pp — » Hjj — > l-i-^ fJ-^jj analysis. 
Signal and background cross sections are calculated at the 
factorization and renormalization scales of eq. ||3| and with 
the application of the set of cuts in eq. ([2|. Significance 
S/V S + B and signal-background ratio values refer to an in- 
tegrated luminosity of 300 fb~^. To such values the efficiency 
and the minijet veto factors reported in eq. Q are applied. 



Our results confirm substantially the results in Ref. 
We exploit them to give predictions for theory beyond 
the SM and then, in particular, for the conformal model 
with dilaton. 

In Fig. [ijthe k^^ and k^^r values, obtained on the basis of 
the results for pp — > Hjj fJ.~^ fJ.~ jj analysis in the SM 
(Tab. |l]), are shown as functions of Mh- We can observe 




130 
M„ [GeV] 



FIG. 1: k 



values necessary to 



[<T(pp^H)Si{(H-^M+M-)]g„ 

obtain 3cr (dash line) and 5a (continue line) significance, with 
an integrated luminosity of 100 fb~^ at the LHC, for the 
process pp Hjj ^i+fi'jj. 

a growing trend for the enhancement factors in the Mh 
range, 115 GeV < Mh < 150 GeV. Signal cross section 
increases of about one order of magnitude are sufficient 



to obtain a 5(t significance, with an integrated luminosity 
of 100 at the LHC. More in detail, for Mh values in 
the range 115 GeV < Mh < 140 GeV an enhancement 
factor of A; ^ 3.5 — 6 is needed for a 3(t signal observation 
and A: ~ 7 — 13 for a 5a signal observation. Then, for 
Mh values in the range 140 GeV < Mh < 150 GeV, 
higher k^^- and k^^- values are required: fc ~ 6 — 12 for 
a 3f7 signal observation and fc ~ 13 — 26 for a 5a signal 
observation. 



III. CONFORMAL MODEL WITH DILATON 

In this section we apply the fcso- factors to the new 
physics model described in Refs. [U [2], that predicts 
the presence of a light CP even scalar, the dilaton, with 
Higgs-like properties. This model rises from the con- 
sideration that the EWSB mechanism can be different 
from the single Higgs doublet mechanism in the SM. The 
EWSB can be, for example, triggered by a spontaneously 
broken nearly conformal sector. The spontaneous break- 
ing of the conformal symmetry occurs at an energy scale 
f > V, where v is the electroweak scale, v = 246 GeV. 
The pseudo-Goldstone boson connected with the spon- 
taneous breaking is the dilaton x, which has couplings 
to the SM fields of the same form of the Higgs boson 
ones^. Then, a small explicit breaking of the conformal 
symmetry is introduced^. As a consequence, the dilaton 
acquires a mass and its couplings to the SM fermions 
can undergo variations from the previous form; in par- 
ticular, when scale symmetry is violated by operators in- 
volving fermions, shifts in the dilaton Yukawa couplings 
to fermions can appear. Because of the smallness of the 
explicit breaking, the dilaton mass is naturally light and 
can be written as 



Mt 



(5) 



where e is the parameter that controls deviations from 
exact scale invariance. The light dilaton couplings to the 
SM fields are parametrized in terms of the following low 
energy effective Lagrangian: 



'r p 

X 

~f 



M^W+W-f' 



:M'zZ^Z^ 



(6) 



® Indeed, the Higgs boson can be seen as a dilaton, in the limit 
case f = V. 

^ The symmetry breaking perturbation consists of a term AO, 
where A is a coupling and O is an operator of scaling dimen- 
sion A 7^ 4. The explicit breaking is small either for A <g; / or 
for O nearly marginal, |A - 4| < 1 (Ref. [I]). 
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X in eq. ^ is the dilaton physical field, canonically 
normalized, that describes the fluctuations from the vev 
(x) = f and y'^^-' are 3x3 diagonal matrices in flavor 
space. The Lagrangian in eq. ([6| has the same form 
of the Higgs one in the SM, the main differences are in 
the presence of a scale /, instead of the electroweak scale 
V, and in the presence of shifts in the dilaton Yukawa 
couplings to fermions, J/^^''. Then, the relevant param- 
eters for our phenomenological study are: the dilaton 
mass, M^, the ratio v/f between the electroweak scale, 
V = 246 GeV, and the scale of the conformal sponta- 
neous breaking, f > v, the shifts in the dilaton Yukawa 
couplings to fermions, yl^\ the dilaton loop induced cou- 
plings to massless gauge bosons, cem, for the photons, 
and cg, for the gluons. These coupHngs depend sensi- 
tively on assumptions about ultraviolet physics^. 
Because of the presence of the shifts yl^\ the ratio 
between the partial width for the dilaton decaying to 
fermions and the analogous width for the Higgs in the 
SM depends on a factor 

So, depending on y^^ values^, there can be signiflcant 
increases in the partial widths for the decays to light 
fermions. Instead, because of the presence of the scale 
f > V, cross sections for the dilaton production, in all 
channels, are suppressed by a factor (w//)^ with respect 
to the cross sections for the Higgs production. There- 
fore, signal cross sections are affected by a suppression 
to the VBF, given by a factor (w//)^. However, this sup- 
pression can be compensated by the possible increase of 
the BR for the light dilaton decaying to muons. In the 
following we take into account two different possibilities, 
corresponding to the presence of shifts only in the dilaton 
Yukawa coupling to muons and of analogous shifts for all 
the dilaton Yukawa couplings to leptons. 

IV. DISCOVERY REGIONS FOR THE DILATON 

We now take into account the possible presence of 
shifts in the dilaton Yukawa couplings to muons, yl}^ ^ 
ivll^n ~ 0); find, for different gluons-dilaton cou- 

plings Cg, the values of the parameters v/f and yj}^ 
necessary to obtain a 5a significance for the process 



The choice to focus on the VBF production, instead of gluon 
fusion, will allow to obtain predictions in the parameters space, 
{yj}\v/ f), less sensitive to cq variations. 

Large shifts are more natural in the case of a breaking generated 
by the addition of a nearly marginal operator to the conformal 
Lagrangian; otherwise fine tunings with fermionic masses are re- 
quired, as discussed in Ref. [l]. 



PP ~^ xjj ~^ t^~^ 1^ jh with an integrated luminosity of 
100 fh'^ at the LHC. 

We consider a cg parameter variation that goes from a 
minimum value of 2/3, which corresponds to the case of 
a SM-like coupling, to a value c'q-'^^ — 23/3, which cor- 
responds to the case of a QCD completely embedded in 
the conformal sector. We neglect, instead, the possible 
cem variation from its SM value, which has a negligible 
infiuence on the BR for the dilaton decaying to muons^°. 
We make use of the k^a values, found in|ll] We can relate 
these values to the conformal model parameters, consid- 
ering that the variation of the signal cross section from 
the Higgs signal in the SM can be expressed by the ra- 
tio": 

anBRHifJ-) \f J BRH{ti) ' ^ ' 

where a^{<7H = o'sai) is the cross section for the dila- 
ton (Higgs) production and BRy^{ix) {BRh{ij)) is the 
BR for the dilaton (Higgs) decaying to muons. The ratio 
BR^{^) I BRh{p) depends on the conformal model pa- 
rameters; for example, in the case of a shift only for the 
muons and cg = 2/3, the k ratio becomes 




(9) 

We indicate as y^^ the values of the j/^^^ parameters that 
give a 5(7 significance, with an integrated luminosity of 
100 fh-^ at the LHC. 

In Tab. |llj we show the y^^ values, for different cq and 
v/f values, in function of the dilaton mass. We find a 
quite soft dependence of the y^^ values on dilaton mass 
values, within the range [115 GeV, 150 GeV]\ instead, 
there is a strong dependence onv/f parameter. We show 
in Fig. |2] referred to a dilaton with = 150 GeV, the 
y^"' values, for different dilaton-gluons couphngs cg, as a 
function of the v/f parameter. For the different cg val- 
ues, the regions above the lower curves of the plot repre- 
sent the discovery regions (significance values higher than 
5<t) for the process pp — s- xjj ~^ fJ-^ P-~jj, with an inte- 
grated luminosity of 100 fb~^ at the LHC. Fig. [2]shows 
that greater yj^^ shifts are needed for the 5cr observation, 
when smaller v/f and greater cq values are taken into 
account. This trend reflects the fact that signal cross 
sections are disadvantaged hy v/f reductions, because 
the dilaton production is suppressed by a factor (w//)^ 
compared to the Higgs production, and by cg increases, 



BR for the dilaton decaying to photons cannot exceed the percent 
level. 

We assume the same backgrounds for the dilaton and the Higgs 
signals. 
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[GeV] 


vi- 
ce = 2/3 


CG = 3 


cg = 5 


ca = 23/3 


y/f 

0.1 


y/f 

0.3 


y/f 

0.1 


"// 
0.3 


y/f 

0.1 


v/f 
0.3 


y/f 

0.1 


y/f 

0.3 


115 


5.71 


0.179 


9.00 


0.290 


13.1 


0.430 


19.2 


0.634 


120 


5.35 


0.168 


8.46 


0.273 


12.3 


0.405 


18.0 


0.598 


130 


4.92 


0.156 


7.58 


0.247 


11.0 


0.363 


15.9 


0.532 


140 


5.22 


0.168 


7.46 


0.245 


10.4 


0.347 


14.9 


0.500 


150 


6.40 


0.209 


8.14 


0.269 


10.7 


0.355 


14.6 


0.491 



TABLE II: yH'' values necessary to obtain a 5a significance, 
with an integrated luminosity of 100 fb~^ at the LHC {y^"), 
as functions of , for different cq and v/f values (we assume 
yVT^M = 0)- 

because BR^{^) decreases when the width for the dila- 
ton decaying to gluons increases. The upper curves of 
the plot denote the exclusion regions for the model pa- 
rameters. These regions can be obtained considering the 
Tevatron lepton pairs data [TD]. Indeed, the not discov- 
ery at the Tevatron for the process gg X ^ /^^M^ fix 
an upper limit on the process cross section from which 
we derive upper limits on the conformal model parame- 
ters. On the basis of the results shown in Fig. [2] it is 
predictable that, in the case of a QCD completely em- 
bedded in the conformal sector {c'q-"^^), the LHC can 
extend the exclusion zone down to the underside curve 
related to a ba significance, or it can discover a signal in 
correspondence of the possible discovery region. Then, in 
the cases of smaller cq values, the possible discovery re- 
gion expands and it becomes quite wide when the dilaton 
couphng to gluons is like the SM one {cq = 2/3). 

Finally, we have considered the possibility of analogous 
shifts for all the dilaton Yukawa couplings to leptons, 
that is y\}^ = y'^^ = yi^^ and yl^^i = 0^^. Even when 
we consider, in this less advantageous assumption, the 
most unfavorable case that corresponds to a maximum 
cc value, c'q-'^^ — 23/3, we can obtain at the LHC, 
like Fig. [3] shows, significance values greater than 5ct or 
an extension, down to the underside curve related to a 
5(7 significance, of the exclusion zone. In the cases of 
smaller cq values, the possible discovery region expands 
(Tevatron lepton pairs data do not fix an exclusion zone 
for CG = 2/3). 



V. CONCLUSIONS 

In this paper, we have shown that the decay to muons 
of a light CP even scalar produced via VBF can be an in- 
teresting channel of study at the LHC. Considering new 
physics models, we have shown that, in the Higgs mass 
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0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0 

FIG. 2: Discovery regions for the process pp xjj ~^ 
fJ.'^ I^'jj with a dilaton of Af^ — 150 GeV, for an integrated lu- 
minosity of 100 fb^^ at the LHC. We assume the presence of a 
shift only for the dilaton Yukawa coupling to muons, j/^^' 7^ 
and yl^^i^ ~ 0. Different regions are shown, in correspondence 
to different gluons-dilaton couplings, cq {cq^'^^ — 23/3). 
The lower curves refer to the y^^' values necessary to obtain 
a 5a significance, with an integrated luminosity of 100 fb^^ 
at the LHC; the upper curves denote, instead, the exclusion 
zones, which are obtained from the Tevatron. The possible 
discovery regions extend, for each cq value, from the lower 
curves to the upper curves. 



range, 115 GeV < Mh < 150 GeV, signal cross section 
increases of about one order of magnitude are sufficient 
to obtain a 5cr significance, with an integrated luminos- 
ity of 100 /6~^ at the LHC. Then, a specific study for 
the conformal model with dilaton has been carried out. 
We have taken into account two different possibilities, 
corresponding to the presence of shifts only in the dila- 
ton Yukawa coupling to muons and of analogous shifts 
for all the dilaton Yukawa couplings to leptons. In both 
cases, we have obtained a rather promising scenario for 
the conformal model search in the channel x ~^ 
via VBF at the LHC, with the possibility for a dilaton 
discovery at a delivered luminosity of 100 fb~^ or, al- 
ternatively, for an extension of the exclusion zone in the 
model parameter space, until now fixed by the Tevatron. 
Our study could be extended considering the other rele- 
vant production channels, gluon fusion and the produc- 
tion associated with tt pairs. Comparative studies for 
the conformal model in these different production chan- 
nels could allow an estimate for model parameters, like 
the dilaton-gluons effective coupling cq- 
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FIG. 3: Possible discovery regions for the process pp — > XJJ ^ 
fj-^ IJ.~jj with a dilaton of — 150 GeV when the presence 
of analogous shifts for all the dilaton Yukawa couplings to 
leptons is assumed, j/^^' = yi^^ = t/e^' and yl^^i = 0. 



[1] JiJi Fan, Walter D. Goldberger, Andreas Ross and 
Witold Skiba Standard Model couplings and collider sig- 
natures of a light scalar, Phys. Rev. D79;035017, 2009, 
arXiv;0803.2040 [hep-ph]. 

[2] Walter D. Goldberger, Benjamin Grinstein and Witold 
Skiba Distinguishing the Higgs Boson from the Dilaton at 
the Large Hadron Collider, Phys. Rev. Lett., PRL 100, 
111802 (2008); Walter D. Goldberger, Benjamin Grin- 
stein and Witold Skiba Light scalar at LHC: the Higgs 
or the Dilaton?, arXiv:0708. 14631^1 [hep-ph] 10 Aug 2007. 

[3] C. Csaki, J. Hubisz, S. J. Lee Radion phenomenology 
in realistic warped space models, Phys. Rev. D76:125015, 
2007, iarXiv:0705. 3844 [hep-ph]. 

[4] T. Plehn and D. Rainwater, Higgs Decays to Muons in 
Weak Boson Fusion, Physics Letters B 520 (2001) 108- 
114, arXiv:hep-ph/0107180 

[5] [ATLAS Collaboration], CERN-LHCC-99-15, ATLAS- 
TDR-15; G. L. Bayatian et al. [CMS Collaboration], J. 
Phys. G 34, 995 (2007). 

[6] S. Su and B. Thomas, The LHC Discovery Potential of 
a Leptophilic Higgs, arXiv:0903.0667 [hep-ph]. 

[7] M. Aoki, S. Kanemura, K. Tsumura, K. Yagyu Models of 
Yukawa interaction in the two Higgs doublet model, and 
their collider phenomenology, Phys. Rev. D80:015017, 
2009, arXiv:0902.4665 [hep-ph]. 

[8] T. Han and B. McElrath, H Mu+ Mu- Via Gluon 
Fusion At The Lhc, Physics Letters B 528 (2002) 81-85, 
arXiv;hep-ph/0201023 

[9] S. Su and B. Thomas, h — > mu+ mu- via t anti-t h Pro- 
duction at the LHC, arXiv:0812.1798 [hep-ph]. 
[10] A. Abulenciaet al. [CDF Collaboration], Phys. Rev. Lett. 

95, 252001 (2005), arXiv:hep-ex/0507104 
[11] D. Rainwater and D. Zeppenfeld, JHEP 9712, 005 (1997), 

arXiv:hep-ph/9712271 
[12] J. Alwall et al, JHEP 0709, 028 (2007), arXiv:0706. 2334, 



[hep-ph]. 

[13] A. Djouadi, J. Kahnowski and M. Spira, HDECAY; a 
program for Higgs Boson Decay in the Standard Model 
and its Supersymmetric Extension, DESY 97-079 (1997), 
|arXiv:hep-ph/9704448| 



